In this investigation we suggest a novel solution to a problem in spectrum analysis − the spectrum calculation for binary pulse amplitude modulated non-return to zero signals with non-uniform duration of symbol intervals. The usefulness of the developed theory is demonstrated by the one important random pulses train case. The validation of the analytical approach derives from the coincidence of spectrums received by simulation and calculation. Eventually, one more problem, which was defined as unsolved in the literature [1 -3], is marked as solved, which opens new horizons for further spectrum analysis theory developments.
INTRODUCTION
Pulse train with non-uniform symbol duration emerges from many practical usages of transmitting digital information by real communication channels due to internal symbols duration distortion. For example, this kind of distortion can be caused by a transistor parasitic capacitor. Another reason might be non-linearity of channels with dispersion. On the other hand, the non-uniform symbol duration can be originated artificially to create new desirable spectrum properties − peaks at frequencies close to clock frequency, as it will be shown later. These frequencies are important for synchronization issues, since the balanced pulse train does not consist of clock frequencies in its spectrum. The prospective practical application of this developed theory is radar recognition and target identification [5, 6] .
The potential problems to solve by using the developed theory is a problem described in [4] , when duration of pulses is extended by small ǻ, and when the duration of blank spaces are reduced by the same ǻ. In this publication [4] , the theoretical method that is based on semi-empirical choosing pattern events is used to build such a kind of pulse train. The suggested method provides a reliable and strictly theoretical way to solve problem like this and for much more complicated pulse trains, as it is described later.
The paper is organized as follows: the second section relates to PSD calculation for periodical signal component, where we calculate continuous spectrum; the third section focuses on PSD's peaks, where we calculate spectrum; the forth section is the conclusion of the paper.
PSD CALCULATION FOR NON-PERIODICAL SIGNAL COMPONENT
To By the definition, the PSD of the non-periodic part of signal is [7] 
where
• stands for averaging; 
. (3) where q probability of symbol '0'. For the calculation of the continuous part of the PSD, the simplification for (2) from [3] can be used,
. (4) Here the multiplier 4 from the original equation was changed to 2, in order to harmonize the old style of the Fourier transform expression to the modern one.
Then by substituting ) ( 
To sum up, the PSD can have at least one discrete component, that leads to the appearance of the periodical component with period 0 T [7] , when the first multiplier in (2) is nonzero.
PSD CALCULATION FOR PERIODICAL SIGNAL COMPONENT
Let's consider the periodical component with period T 0 . By analogy with (2), the discrete PSD can be written as [1, 7] Eventually, the PSD of the periodical component is ( ) 
SIMULATION RESULTS
The validation simulation was accomplished similar to [4] , by spectrums realization averaging with the same number of the sample -64 for period T 0 . On Fig.1 and Fig. 2 are depicted the simulation results for minor and significant difference between probabilities '1' and '0'. By comparing Figures 1 and 2 , it is possible to see that the relation between discrete and continuous spectrums can vary significantly. The amplitude difference between the lobes and discrete lines is smaller in Fig. 2 than in Fig. 1 . Also, in Fig. 1 , the discrete lines are seen to always appear in the troughs, in Fig. 2 , they sometimes line up with the peaks of the lobes. From these figures it is possible to see that this simulation resolution does not give the same results as the calculated ones. In order to get the convergence of simulated and calculated curves, the FFT size was doubled in Fig. 3 , but the convergence was not achieved. Only by doubling the number of samples for one symbol the theoretical and experimental results meet together (Fig. 4) . This observation is important for forthcoming simulations, especially the electromagnetic compatibility, VLSI circuits verification and measurement instrument calibration problems. T 0 = 128, ǻ = 6, p = 0.55 and FFT size equal to 16384. The sampling frequency is 1 Hz.
CONCLUSION
This general approach for the well known text book [2] problem of spectrum calculation can be applied to all random pulse train problems with unbalanced symbol duration. This suggested material has made possible the analytical analysis of any random pulses train problems with constant amplitude. As can be expected for new theoretical results, the described approach for spectrum analysis opens new horizons not only for an obvious application area − linear signal propagation in Communication Systems with wanted and unwanted unbalance between pulses and blank spaces − but also for radar application and signal transmitting in nonlinear dispersive environments.
Once the sore problem of random pulse train spectrum calculation is solved, its solution can be used as the theoretical basis for other pulse trains problems, for which the constraints can be eliminated by practical needs. For example, the constraint on pulse independency can be removed, when pulses are dependent. In another way, the pulses amplitude can not be constant, since the pulses have random amplitude.
